Abstract Purpose: To synthesis and characterize some novel isatin-incorporated thiadiazoles and screen them for anti-breast cancer activity in human breast adenocarcinoma cells (MCF-7).
INTRODUCTION
After cardio-vascular diseases, cancer is the second major cause of mortality in the world and accounting for 8.2 million deaths in 2012. Furthermore, breast cancer is a most common form of invasive cancer in women throughout the world and remains the most frequent cause of malignancy associated deaths among women. The effective treatment of this disease is restricted due to the development of breast cancer resistance against chemotherapy and endocrine therapy [1] [2] [3] . At the same time, isatin derivatives have also been reported as cytotoxic agents [4, 5] . Some of the isatin incorporated thiazolines and benzthiazoles have shown significant anti breast cancer activity [6, 7] . Therefore, there is essential to search and develop novel and potent chemotherapeutic agents that could overcome this health problem.
Thiadiazole, a promising heterocyclic template that has versatile pharmacological activity constitutes major class of agents for development of novel drugs. Numerous studies demonstrated that thiadiazole scaffold shows anticancer activity against various tumor cell lines [8] [9] [10] . Various reports suggested that various substituted thiadiazole derivatives exhibited significant anticancer activity against MCF-7 cell lines [11] [12] [13] .
In this work, the objective was to incorporate isatins to thiadiazole moiety by using pharmacophore hybridization approach as it was expected that these two active anticancer pharmacophores may have synergistic effect.
EXPERIMENTAL Materials
Human breast adenocarcinoma cells (MCF-7) were purchased from NCCS Pune (India). MTT reagent, 10 % foetal bovine serum (FBS), Dulbacco's minimum essential medium (DMEM) media and sulphorhodamine solution were purchased from Sigma Aldrich (USA). Antimycotic solution and TPVG solution were obtained from Himedia. Tissue culture flasks, 96 well microculture plates obtained from Tarson and Nunc (USA). All analytical grade reagents and solvents were purchased from Merck Chemical Co (Germany) and dried in a desiccator as appropriate.
Synthetic procedures

Synthesis of 2-amino-5-aryl-1,3,4-thiadiazoles (1a-1d)
The thiosemicarbazide (0.1 mol) was added in aryl carboxylic acid (0.1 mol) in an equipped assembly with a stirring bar. The reaction mixture was poured slowly over 0.5 h to polyphosphoric acid (10 times the weight of carboxylic acid) at 80-90 °C with stirring. The reaction mixture was stirred at 80-90 °C for 2-4 h and then cooled to room temperature; further water/ice was added. Finally, the mixture was made alkaline by NH 3 (0.88 g/ml), filtered and dried. The desired product was eluted from EtOH and purified by using column chromatography [14] (Figure 1 ).
Synthesis of 1-alkyl-3-(5-aryl-1,3,4-thiadiazol-2-ylimino)indolin-2-ones (3a-3l)
Equimolar quantities of an appropriate 2-amino-5-aryl-1,3,4-thiadiazoles (1a-1d) and isatins (2a-2c) (0.001 mol each) were dissolved in absolute ethanol (15 ml). Further, glacial acetic acid (0.2 ml) was added to the reaction mixture with continuous stirring. The reaction mixture was refluxed for 10-12 h with stirring, concentrated under reduced pressure to remove absolute ethanol and acetic acid and leave the mixture to cool at room temperature. The crude solid mixture was filtered and eluted from ethanol (70 %) to furnish 3a-3l (Figure 1 ).
Characterization of synthesized compounds
All the reactions were followed by thin layer chromatography (TLC) analysis which performed on silica gel G for TLC (Merck) and visualized with iodine vapour. Melting points (ºC) were determined in open capillary tubes and were uncorrected. Infra-red absorption spectra were recorded on Jasco FT/IR-470 PLUS (Japan), KBr diffuse reflectance (υ max in cm -1 13 C NMR and LCMS were consistent with the proposed structures. Elemental analysis was done on a CHN rapid analyzer and showed satisfactory results within ± 0.4 % of the theoretical values.
Determination of in-vitro cytotoxic activity
The isatin incorporated thiadiazoles (3a-3l) were screened for in vitro cytotoxicity against MCF-7 cell lines by MTT and SRB models.
Maintenance of cell lines
MCF-7 cells were grown in 75 cm 2 tissue culture flasks containing DMEM media supplemented with 10 % FBS, TPVG solution at 37 ºC in CO 2 incubator in an atmosphere of humidified 95 % air and 5 % CO 2 . Further, they were maintained by sub culturing in 75 cm 2 tissue culture flasks.
MTT assay
The MTT was reduced to a colored product due to activity of NAD (P) H-dependent deshydrogenases enzyme. It indicates the level of energy metabolism in cells. The cells were seeded in 96-well microplates in DMEM medium supplemented (0.1 ml) with FBS (10 %). These cells were cultured routinely in a humidified incubator in 5 % CO 2 at 37 C for 24 h. Test compounds were added in various concentrations (5-25 μg/ml) and further incubated for 24 h. The medium was discarded, tetrazolium dye (MTT) solution (0.1 ml, 1 mg/ml in PBS) was added to every well and re-incubated for 4 h. The formazan crystals formed was dissolved by adding of 0.1 ml DMSO. The plate was then read on a microplate reader at 540 nm [15, 16] .
SRB assay
Cell suspension (0.1 ml) of optimum density was added into each well of 96-well plates. Various concentrations (5-25 μg/ml) of test compounds were made in the culture medium. Each concentration of test compounds (0.1 ml) was added to the wells containing the cells and 0.1 ml of medium only to the control wells. Then these cells were incubated with the test compounds for 48 h and fixed with ice-cold trichloroacetic acid (TCA) at 4 °C for 1 h. Then these plates were washed 5 times in water and dried in the air. Further SRB solution (0.05 ml) was added to each well of the dried 96-well plates and kept for staining at room temperature for half an hour. Then SRB solution was removed by washing the plates with acetic acid (1 % v/v) 5 times to remove dye. Bound SRB was solubilized using unbuffered Tris Base (0.1 ml, 10 mM, pH 10.5) to each well and shaked for 5 min. Plates were read using a 96-well plate reader at the working wavelength 492 nm [17] .
RESULTS
Synthesized compounds
The following compounds were successfully synthesized: (5-phenyl-1,3,4-thiadiazol-2-ylimino) (5-phenyl-1,3,4-thiadiazol-2-ylimino)indolin-2-one (3i) Of the 12 compounds synthesized, five compounds (3a, 3c, 3d, 3g and 3j) of the 1-alkyl-3-(5-aryl-1,3,4-thiadiazol-2-ylimino)indolin-2-ones (3a-3l) significantly decreased MCF-7 cell viability produced cytotoxic activity (IC 50 for MCF-7 by MTT assay of 12,62-21.41μg/ml, Table 1 ). 
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DISCUSSION
In this work, 12 novel isatin incorporated thiadiazoles have successfully been synthesized and characterised. Five of the compounds demonstrated cytotoxic effects. In the synthetic procedure, thiosemicarbazide was reacted with substituted aromatic carboxylic acid in the presence of polyphosphoric acid to yield 2-amino-5-aryl-1,3,4-thiadiazoles (1a-1d). The proposed structures of these compounds were confirmed on the basis of spectroscopic data (IR and NMR) and elemental analysis. The IR spectra showed C=N absorption bands at 1619-1596 cm -1 .
In the last step, 2-amino-5-aryl-1,3,4-thiadiazoles (1a-1d) were reacted with isatin (2a) and N-alkyl substituted isatin (2b-2c) to formation of isatin incorporated Schiff bases of thiadiazoles (3a-3l). The proposed structures of (3a-3l) were confirmed by spectroscopic data (IR, 1 H and 13 C NMR) and elemental analysis and data are shown in experimental protocol section. The structures of compounds 3a-3l were confirmed by the disappearance of NH 2 peak in 1 H NMR spectra. The remaining protons appeared at the expected chemical shifts.
From the structure-activity relationship (SAR) study, it was found that the substitution at C-5 position of the 1,3,4-thiadiazole ring may affect the cytotoxic activity to the compounds. The compound 3c and 3g, possessing a 4-chlorophenyl ring at C-5 position, were found to be most active compounds. Replacement of 4-chloro with 4-nitro or 3,5-dinitro decreased cytotoxicity against MCF-7 cell lines. Compound 3-(5-(4-chlorophenyl)-1,3,4-thiadiazol-2-ylimino)-1-ethylindolin-2-one (3g) showed highest potency with IC 50 10.46 and 13.04 μg/ml in MTT and SRB assay, respectively, against MCF-7 cells.
CONCLUSION
A novel and simple method for the synthesis of isatin incorporated Schiff bases of thiadiazoles has been developed. Some of the synthesized compounds produced cytotoxic activity against MCF-7 cells; in particular, the compounds 3-(5-phenyl-1,3,4-thiadiazol-2-ylimino)indolin-2-one (3a), 3-(5-(4-chlorophenyl)-1,3,4-thiadiazol-2-ylimino)indolin-2-one (3c) and 3-(5-(4-chlorophenyl)-1,3,4-thiadiazol-2-ylimino)-1-ethylindolin-2-one (3g) were found as promising compounds and could serve as leads for further modification to develop clinically useful anticancer agents. These new findings might be useful for scientist in future research and development of isatin incorporated thiadiazoles nucleus as newer antibreast cancer agents.
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